Basic equations 


operators x= 2 
aa : ; Ow x 
Schrodinger’s equation ha, = HW 


stationary state 


time-independent S.E. Hu, (x) = Entn(x) 


probability i= | 7 £(0)V(a,1)da| 
expectation value (A) = > piAi 
uncertainty AA = ((A?) — (Ay?)1? 
Ehrenfest’s theorem d(x) = (Px) 

dt m 


Boundary conditions 


W(x) finite at oo, cts everywhere 


One-dimensional infinite square well (n = 1,2,. 


2272 
nin h 2. (nrx 
Ee and? in(e) = zsin(F-) O<#sh) 


Harmonic oscillator (n = 0,1,2,...) 


En = (n+ ¥)hwo wo = /C/m a= Vh/muo 
A'dn(a) = Vn FT dns (2) Adn(z) = Vn bn-1(2) 
a & pe et we —ih ,~ at 
x= a +A ) Pe Ta ) 


Free particle, scattering and tunnelling 


U(x, t) i(ka—Ext/P) af, A(k 


~al ae 


Aky ko 
(ky + kp)? 


T= 


(x, O)e a dae 


0 
Pe ihe 
_ OW h? 0?w 
ih Dt 5m Ox2 V(x) U(z, t) 
h? dn 
aos n = Envy 
EE + Va in(2) = Envin() 


probability density = |W(a, t)|? 


wef. 


Ax Ap, > h/2 
d(pz) _ _ / OV 
dt Ox 


dw/dx cts where V(x) finite 


W* (ax, t)AW(x, t) da 


ss ) (symmetric well) 


Un(z) = [cos (=) (n odd) 


Dy = hk 


(pz) = / ” nk |A()P dk 


(step) 


Complex numbers 


0 i 


z=a+iy=re 2 =x2-iy=re j2P =z = 2 +4? = + 
Re(z) = sales Im(z) = sth go = pre’ 
2 2i 
iO 1. a—id id _ ,-id 
e? = cos@ + isind ey een ata sin 9 = = 
2 21 
etit — —| eit /2 =j eit /2 — i 
Elementary functions (a> 0,b>0) 
e"ed = et TY Ina + Inb = In(ab) ee Snel S~ 
© —2@ | es: 
e” = coshz + sinha cosh 7 = ae sinh x = —— 
cos(6 + 7) = —cos0 sin(@ + 7) = —sin®@ tan(@ + 7) = tand 
cos(@ + 7/2) = —sind sin(@ + 1/2) = cos@ tan(6 + 7/2) = —cot@ 
cos(@ — 7/2) = sin 6 sin(@ — 7/2) = —cos0 tan(@ — 1/2) = —coté 
cos(20) = cos? 6 — sin? 0 sin(20) = 2sin 6 cos 6 tan(20) = 2 tan 6/(1 — tan? 6) 
sin(A + B) =sin Acos B + cos Asin B cos(A + B) = cos Acos B $= sin Asin B 
sin Asin B = $(cos(A — B) — cos(A + B)) cos Acos B = $(cos(A — B) + cos(A + B)) 
sin Acos B = $(sin(A— B) + sin(A + B)) cos? A+ sin? A=1 
Physical constants 
Planck’s constant hb 663.107" Js Planck’s constant /27 A 1062 10-7" Je 
vacuum speed of light Cc 3.00 x 108 ms! Coulomb law constant rN 8.99 x 109m F7! 
permittivity of free space ¢9 8.85 x 107!?F m7! permeability of free space pig 40 xX 107°Hm™! 
Boltzmann’s constant k 1.3810 JK Avogadro’s constant Nm 6.02 x 1078 mol~4 
electron charge =¢. —160 2 10-" C proton charge € L602 10" 6 
electron mass Me 9.11 x 1073! ke proton mass Mp 1.67 x 107?" kg 


Bohr radius aj 5.29x107Um atomic mass unit u 1.66 x 107?’ kg 


Definite integrals for positive integers n and m 


(f(x) an odd function) 


| sin(na) sin(ma) dx = 5 Sm 
0 


an /2 7 
/ sin(nz) sin(max) dz = = dnm 
—1/2 2 


(n +m even) 


ny 
nT 
cos? rdxz = — 
0 2 


nt 2-2 
xcos’ x dr = 


om 
iN 


nT 3a0 
nT nt 
x cos? x dz = —— + — 
0 6 4 


nm [2 
/ cos? x dr = > 


—nr/2 


nm /2 3,3 
/ x? cos? ada = + le 
—na/2 24 4 


nx /2 nen nt /2 
/ az’ cosadx = (yer — 1), (n odd) / ax cosx dx = (—1)"/? 2nn, 


—nr/2 


/ e* dar = Vr 


co ! 
2 n! 
eertle-* dz = — 

0 2 


i. Mg-22 dn = aS SES a 


(n 2 0) 


Qn 


(n 21) 


[ f(x) da = 2 [ f(x)dx (f(x) an even function) 


| cos(nx) cos(max) dx = 5 Sum 
0 


m/2 a 
/ cos(nx) cos(mx) dx = = dpm 
—1/2 2 


(n +m even) 


nT 
. nT 
sin? cdr = — 
0 2 


nt ace ne n2 
xsin* «dx = 
0 4 
nt a n> 71? nit 
x sin* x dx = —— — — 
0 6 4 


nm [2 
/ sin? x dr = = 


—nr/2 


nm [2 3,3 
/ a’ sin? ¢dx = es 
—nr/2 24 4 


(n even) 
—nr/2 


ze “dr =n! 


oo 
3 


/ eo? elk? da = Vrew/4 (k real) 


mi=1x2x---xn Ol=1 


